Kosmotropic salt activation and substrate specificity of poliovirus protease 3C.
Picornaviruses produce a large polyprotein, which is cleaved by virally encoded cysteine peptidases, picornain-2A and -3C. Picornain-3C has characteristics of both the serine peptidase chymotrypsin and the cysteine peptidase papain in that the 3D structure resembles chymotrypsin, but its nucleophile is a cysteine SH rather than a serine OH group. We investigated the specificity of poliovirus picornain-3C (PV3C) protease and the influence of kosmotropic salts on catalytic activity, using FRET peptides related to a cleavable segment of the virus polyprotein. The peptidase activity of PV3C was found to be 100-fold higher in the presence of 1.5 M sodium citrate. This activation was anion-dependent, following the Hofmeister series citrate(3-) > SO4(2-) > HPO4(2-) > acetate- > HCO3(-) > Cl-. The activation appeared to be independent of substrate sequence and arose primarily from an increase in kcat. A shift to higher pH was also observed for the pK1 of the enzyme pH-activity profile. Experiments with the fluorescent probe ANS (1-anilino-8-naphthalene sulfonate) showed that the protease bound the dye in the presence of 1 M sodium citrate but not in its absence or in the presence of 1 M NaCl. Structural changes in PV3C protease were detected using circular dichroism and the thermodynamic data indicated a more organized active site in the presence of sodium citrate. PV3C protease was also activated in D2O, which was added to the activation by citrate. These effects seem to be related to nonspecific interactions between the solvent and the protein. Our data show that the catalytic efficiency of PV3C protease is modulated by the composition of the environment and that this modulation may play a role in the optimal processing of polyprotein for the virus assembly that occurs inside specific vesicles formed in poliovirus-infected cells.